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ABSTRACT

Climate science and applications require access to vast amounts of archived high quality data, software tools
and services for data manipulation and information extraction. These on the other hand require gaining
detailed understanding of the data's internal structure and physical implementation to data reduction,
combination and data product production. This time-consuming task must be undertaken before the core
investigation can begin and is an especially difficult challenge when science objectives require users to deal
with large multi-sensor data sets of different formats, structures, and resolutions.

In order to address these issues the Goddard Space Flight Center (GSFC) Earth Sciences (GES), Data and
Information Service Center (DISC) Distributed Active Archive Center (DAAC) has made great progress in
facilitating science and applications research by developing innovative tools and data services applied to the
Earth sciences atmospheric and climate data. The GES/DISC/DAAC has successfully implemented and
maintained a long term climate satellite data archive and developed tools and services to a variety of
atmospheric science missions including AIRS, AVHRR, MODIS, SeaWiFS, SORCE, TOMS, TOVS, TRMM,
and UARS and Aura instruments providing researchers with excellent opportunities to acquire accurate and
continuous atmospheric measurements.

Since the number of climate science products from these various missions is steadily increasing as a result
of more sophisticated sensors and new science algorithms, the main challenge for data centers like the
GES/DISC/DAAC is to guide users through the variety of data sets and products, provide tools to visualize
and reduce the volume of the data and secure uninterrupted and reliable access to data and related products.
This presentation will describe the effort at the GES/DISC/DAAC to build a bridge between multi-sensor data
and the effective scientific use of the data, with an emphasis on the heritage satellite observations and
science products for climate applications. The intent is to inform users of the existence of this large collection
of data and products; suggest starting points for cross-platform science projects and data mining activities
and provide data services and tools information. More information about the GES/DISC/DAAC satellite data
and products, tools, and services can be found at http:/daac.gsfc.nasa.gov.
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What is the GES DISC

A virtual data portal that
provides convenient
access to Atmospheric,
Oceanic and Land datasets
and value added products

from various current NASA -
missions and instruments
as well as heritage
datasets.

It also provided a variety of services that allow users to
analyze and visualize gridded data interactively online

without having to download any data.

s s . st e e @Y

http/disc, . _fc.nasa.gowv

ﬁ@ Propendyi o G ] IHDF-EOS Tools and nformation Center ey

+ TRACE GASES o

+ AEROSOLS
+ AR QUALITY

Purpose

Description of the GES DISC
data/products access,
distribution and services
capabilities for supporting
the Science and Applications
Programs.
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Science Focus Areas
Climate Variability
Weather
Carbon Cycle
Earth Surface
Atmosphere Composition
Water and Energy Cycle
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Missions/Instruments at the GES DISC

1993 - CZCS - Coastal Zone Color Scanner

1994 - AVHRR - Advanced Very High Resolution Radiometer
1994 - TOMS - Total Ozone Mapping Spectrometer

1994 - UARS - Upper Atmosphere Research Satellite

1994 - DAO - Data Assimilation Office
1995 - TOVS - TIROS Operational Vertical Sounder
1997 - SeaWiFS - Sea-viewing Wide Field of view Sensor
e 1997 - TRMM - Tropical Rainfall Measuring Mission
e 1999 - Terra - MODIS - Moderate Resolution Imaging Spectroradiometer

2001 - Aqua - MODIS
- AIRS - Atmospheric Infrared Sounder

2003 - SORCE - Solar Radiation & Climate Experiment

2004 - Aura - MLS - Microwave Limb Sounder
- HIRDLS - High Resolution Dynamics Limb Sounder
- OMI - Ozone Monitoring Instrument

2007 - GLORY - Aerosol Monitoring
e 2009 - HYDROS - Global measurement of Soil Moisture Content and Freeze/Thaw
2010 - GPM - Global Precipitation Measurement
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Limited Use of Satellite Remote Sensing Data

User’s Limitations Institutional Limitations

Low general awareness
Lack of knowledge of the satellite data

technology - lack of expertise High cost of some satellite data
Lack of field studies for validation | P’ oducts and systems

Data and products have been
developed by and to serve the

needs of Earth Science scientists:
closed loop

Poor infrastructure for processing

Strict disciplinary boundaries

Lack of opportunities for
cooperation

Lack of software inte ili
nentercparaiilly Scarcity of human resources
Lack of user friendly systems

Different data formats from different
providers

Take long time to obtain the data

No or very few data services

Currently most data institutions
provide data in archive forms
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GES-DISC Data Search and Order

GES DAAC Data Search and Order by Earth Science
Data Type (ESDT)

Search for data products by Earth Science data type (use of short
names). Example: MODO4_L2: L2 MODIS aerosol product.

Archived Data Sets (search and order system)

Full collections of all GES DISC data holdings, by instrument
/mission, available for delivery by electronic and hard media.
Online Data Sets (data pool)

Limited collections of the most popular products at the GES
DISC, available for instant download using FTP or a Browser.

External Data Search

Earth Observing System Data Gateway
M@ Global Change Master Directory
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GES DISC Focus on User’s Requirements

Scientists
High resolution data

General Public

Small amounts of highly derived
products (maps, plots, animations, etc.)

Both raw and processed data

products Current and historic data sets
Rapid access to the latest data Easy to understand documentation
Lots of data Web access

Detailed documentation GIS based

Data analysis support Free data/products

Expert assistance with preparing
or analyzing data

24/7 assistance
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GES DISC Focus on User’s Needs

* Access to data service functions
- Reformatting capabilities
-  Spatial/temporal parameters coordinate-based subsetting
- Accessible re-sampling
- Re-projection and geo-rectification

* User friendly systems to search and find data, maps and services
« [Easy access to multi-dimensional, multi-temporal data services
+ Access to multiple data sources provided by different data servers

+ Access to data in ready-for-analysis form
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GES DISC C Data Search and Order by

AMSU-A Daily Summary Browse for
Earth Science Data Type (ESDT)

2002/09/01 Ascending (Day)

Channel: ch01(23.8 GHa)
kA eenpia L S
The Atr
Mcra, [ PABO0R  [Descripion: ARS/ANS AMSU L1D gty summary browse product.
ARS [Vartates: infrared Fux
covela m-tu.uql.nl"“nz‘)ﬂ)—l  Aqua
troma [P oduction: LEVEL-1
Covetager LON 1800 - 1200 8 025, LAT 900 .00 0.5 e
The Mic| amzm
Bishen tn ickec g1 naza aavinstakIMALelARS AN 1B Precwicts 8_a]
MLS derive <[APABRAD  [Description: ARS/Aqua AMSL-A1 snd AMSU-AZ Combined geckocety
CLO, B (temperstures n Ketvns.
. | Category: SpectralEngineenng /| Kelvin
and ge Varlables: Brigniness V.Vw"n Alwm Tempersture.
AMSU-A i d_
The Mo| P1 oduction: LEVEL-18 1400 (750 2100 2450 200 380
MODIS-Acua [EXt-0 |Coverage: LON -180.0 - 180.0 ot 025 LAT -30.0 - 90.0 t 0.25; Time 2002-08-30 223546 - 2005-06-15
land, o 115325
resokti u G=2)
R 0 AMSU LiB Duily Sumnuny Browse Product
& Mo
o) EYS EEIEREIC=E
MODIS-Terra ) wh
Iresoiti By et - ALRS - el i s - Yo b
fhe S0 el 5T oo I ) ey byt
[SORCE 3 Y e | I -l £
irradiance, nd soler SH—m [ moe | werevormae [ 7] £
and daily averages T T r—y
[Tha Tropcel Gelod: |- Do Do T by T S dies [ il
TRMM [National Space by T SO8.08.31 00000 T ECCTILT) i B R o
lthe associ sted release of eq iz T T T AT @ i Eal
shaping both global weather and
The Unper Reseagch| T ke T ...:“m.
o +80°) measurements of R T
[UARS 56 il as meaaUramants of a3l | e pssses | masasy e
0 T anawee | maoeen
¥ e wusmmen | noooes h‘?‘




GES DISC Archived Data Sets
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GES-DISC Interactive Online Visualization and
Analysis Infrastructure-Glovanni
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Main Features:
» Access to data from multiple remote
sites as well as local sites;

» Server-side temporal and spatial
bsetting;

Selochon Sviacuon
Zriena Ctwa
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GrADS-DODS Severs

Giovanni System

Single Parameter View

» Server-side processing;

» Support for multiple data formats
including Hierarchical Data Format
(HDF), HDF-EOS, network Common
Data Form (netCDF), GRIdded
Binary (GRIB), and binary;

» Support for multiple plot types
including area, time, Hovmoller, and
image animation;

~ Support for outputting data in ASCIl
format.
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Parameter
Intercomparison

Data Input

Giovanni

Instances

Terra

SeaWiFs

TRMM

HALOKA 173 8

GES-DISC Data Access Tools

SeaDAS

SeaWiFsS Data Analysis System. Comprehensive Image analysis
package for the pr display, lysis, and quality control
of ocean color data

= HDFLook

WebWinds

Multifunctional
data processing
and visualization
tool for MODIS
and AIRS L1B
data.

Read and georaferance MQODIS
Level 1-3 data and dispiay it as
a false color image over a
digital elevation map on a globe
or plane.

GES-DISC Interactive Online Visualization and Analysis infrastructure
Transfer the computation burden from the client to the server
14
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Giovanni Goals

GES-DISC Interactive Online Visualization and Analysis Infrastructure

Modelers, global and regional trends

Audience | osearchers, teachers, students

Allow access to information on atmosphere and
ocean state from around the world with a few
mouse clicks.

Purpose

Make gridded remote sensing and model data
available in format that anyone can learn to use
within minutes and put to work productively for
research or applications
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Giovanni Family

MOVAS - intercomparison analyses between aerosol-related parameters
of MODIS (Terra and Aqua) and the Goddard Chemistry Aerosol
Radiation and Transport (GOCART) model.

e TOVAS - TRMM Online Visualization and Analysis System, based
primarily on data from the Tropical Rainfall Measuring Mission

e The Ocean Color Giovanni - access to SeaWiFS and MODIS Aqua
global monthly chlorophyll and other ocean data from the start of
missions. Supports the Ocean-Color Time-Series funded by the NASA

e TOMS Giovanni - visualization and analysis of the Earth Probe and
Nimbus-~7 TOMS Daily Global Products and Aura OMI.

e AIRS Giovanni - vertical profiles of temperature, humidity and
geopotential height from AIRS dailv alobal nroduct

¢ UARS/HALOE Giovanni - convenient access to atmospheric profiles of
trace gases



Giovanni Hurricane Katrina
24-Hour Rainfall Accumulation (mm)
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plots
online:
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3-H TRMM and Other Satellite Rainfall Online Visualization and Analysis TOVAS Spatial/Temporal Resolutions and Coverage

http://lake.nascom.nasa.gov/tovas Products Spatial Res. | Temporal Res. | Coverage | Duration
. . Vertical Res.
2003 Monthly Rainfall Accumulation (mm) Experimental TRMM Real-Time 0.25°0.25° 3-hourly global 2002/02 -
ey - 3 - > - e > Muiti-Satellite Precipitation Analysis 60°S-60°N | present
o Y e (s
- TRMM and Others GP! 0.25°x0.25° 3-hourly global 1998/01 -
o Rainfall Estimate 50°S-50°N | present
= TRMM and Others Data Sources 0.25°x0.25° monthly global 1998/01 -
Yy Rainfall Estimate 50°S-50°N | present
i TRMM Microwave Imager (TMI) rain, | 0.5°x0.5° monthly global 1998/01 -
g latent heat, cloud liquid water 14 vertical layers 40°S-40°N present
profiles
- TRMM and Others GP! 1.0°x1.0° monthly global 1998/01-
e Rainfall Estimate 40°5-40°N 2004/03
) p TRMM and Others Data Sources 1.0°x1.0° monthly global 1959/01-
= = Rainfall Estimate 40°S-40°N | 1999112
i : e Willmott and Matsuura Global 0.5°x0.5° monthly global land | 1998/01-
- - . Precipitation 2004/03
= : Global Precipitation 1.0°x1.0° monthly global land | 1998/01-
April [l o 2004/03
° sEEEE = T i * i Inter-comparison of TRMM (3B43 V5) and F B Prod

Time required to create these plots online: 6 minutes
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Rainfall Anomaly Analysis of TRMM Monthly Rainfall Product
2
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MODIS OnlinesVisualization and Analysis System

MODIS - Terra/Aqua Atmosphere Monthly Global Product

Goddard Chemistry Aerosol Radiation and Transport (GOCART) Model Products
MODIS-Terra/Aqua/GOCART Multi-parameter Intercomparison System

Aerosol Optical Thickness at 0.55 Micron
Aerosol Fine Mode Fraction
Fine Mode Aerosol Optical Thickness (Ocean)

Cur
Pot type: [Krea Fiot =
Data Avaisble

vear month
O date [3007 2] [Tune =] Mt segm: 2000/00)

Cirrus Fraction NIR Method - Cirrus Reflectance ':: ‘:—:: Asq o . T e
Cloud Fraction Daytime IR Method A | Optical Thick
Cloud Effective Radius Combined Phase - Ice Phase - Water Phase 2{:‘.:: ::,‘:f::"“
Cloud Optical Thickness Combined Phase - Ice Phase - Water Phase Coud P i
Cloud Top Pressure - Temperature Cloud Optical Thickness
Cloud Top Pressure
Water Vapor Clear Sky — Above Cloud - NIR Method Cioud Top Temperature

Water Vapor Column B R .
Aerosol Optical Thickness
St vicams W08 - et ans e casn o Qg ! http://g0dup05u.ecs.nasa.gov/Giovanni

Water Vapor Column IR Method
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Giovanni Application: MODIS-Terra/Aqua/GOCART
Multi-parameter Inter-comparison System

Plot Type (Limit of paremetars): | Scatter plot of parameters in selectsd area
To de-select any parameter, use Cril-Click.
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Giovanni Application

TEN MINUTES study of the effects of heavy spring rains on the Mid-Atlantic Coast in 2003

3843 Monthy Anomaly (dan 1999 -iun 1999)
Censtoiogy

3843 Moty Ancraa Jon 2000 un 200
_h‘c 841 Uantny — ®

— —

Riesesctiat
Giicgesctiat

2003: Positive anomalies

cmymend) (200 Shazond)

Prmy eI Observed patterns

« Chiorophyil a concentrations during
January-June 1999 were lower than the
climatological mean values for this time
period, while for January-June 2003 there
were significantly higher than the
climatological mean values

Conclusions
« Higher chiorophyll a concentrations
correlates with elevated rainfall (positive
anomaly) in 2003, causing enhanced nutrient
concentrations in runoff and streamfiow,
while negative chlorophyll and precipitation
anomalies observed in 1999

Near-line Archive Data Mining (NADM)
Data Mining at the GES -DISC

= How to handle too much data?

v As data volumes get larger, the proportion of data that
can be distributed to users decreases.

+ User communities express concern about the ability to
manage the data explosion on their end.

= Allow users to run their own data mining
algorithm codes in the data provider server

% Migrate data mining and mining preparation
activities into the data center
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Giovanni On-line Product Examples

Accumulated Rainfall (mm)

2004 Annual averaged Geophysical Parametérs
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GSFC DAAC Dataset via OPeNDAP - (DODS)
Open Source Project for a Network Data Access Protocol

Global coverage from visible,
infrared, and microwave sensors.

rMODIS Aqua/Terra Products:
land, ocean and atmosphere in
36 spectral bands (0.4 - 14.5
pm).

Climatology Interdisciplinary Data
Collection (CIDC): over 70
parameters.

16 years of Microwave Sounding
Unit (MSU) Deep Layer
Temperatures and Ocean
Precipitation Data

i | Data Assimilation Products: data
from the Goddard Earth Assimilation
i | Systemn Data Assimilation System
(GEQOS-DAS).

SeaWIFS Data Products: Global
and regional ocean color data

EOS Aqua/Terra satellite broadcasts
data via X-band to the ground.

Total Ozone Mapping
Spectrometer (TOMS) Daily
Gridded Data

Global Ozone Monitoring
Experiment (GOME) Daily Gridded
Ozone Data (Globally Interpolated).
Global column ozone data.

Tropical Rain Measurement
Mission (TRMM) Gridded Rainfall
Data

28

= 50 TB disk cache

® Reduce need to pull
data from archive tapes

i = Direct access to data !

i C, FORTRAN or IDL

= Quicker data location !

ey

NADM -
GDAAC Results
WEB SERVER
(CGI CODE)

= Give users the capability to upload, test their algorithm and mine data

from the GES-DAAC online cache

= Decrease download time by applying algorithm closer to data



GES DISC and Applications

Integrating NASA Earth Science Data into Global Agricultural Decision Support Systems

Develop agriculture-oriented land

products and hydrologic products
based on TRMM, MODIS and other
satellites.

Generate MODIS 250-m, 10-day
composite surface reflectance
product.

Develop Agricultural Information
System (AIS) based on existing
TRMM Online Visualization and
Analysis System.

Integrate ESE products into
USDA/FAS and UN/WFP Decision
Support System.
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OUTCOMES

7] * Collocated PAHO health data and
NASA environmental information

hips

uTP * Customized userfriendly systems
OQUTPUTS to enable easy transfer of Ms:hn
% environmental information to
Elevation PAHO DSS
T vere9e and extreme surface | |  gptimization in the uss of human
and material resources in U.5.-
* Average and extreme Meico public health management
peacoyien d satellite da blic -3
. * Integrated satellite data and pul 7
Surface Humidity Profile hhesith analysis and trends by
* Soil Mok Boen
ohs imie e * Promote and speed information )
* Water/Flooding sharing between NASA and the
O PANO DSS ¢ l
* Vegetation Distribution
(Index) —_
* Storm Surges )
* Wind Vectors Patterns _,-)
* Aerosol .
* IMPACTS
* 0Ozone S
*Improved U.S.-Mexico —_—
* Risk
Mege Border Public Health
5 * Core Heakh Data © Mabitat Maps Management ¢ ‘j
r r * Health Facilies Data * Epidemiological Maps *Better synergy among J
|. Ceneus infornation * Health Infrastructure Maps Local, State and Federal \
. Agencies r
Goographie Data .
Human Settiements —‘

Collaboration with the Pan-American Health Organization - PAHO
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CONCLUSION

The GES DISC mission is to maximize the use,
usefulness, and usability of NASA’s Earth science
data for science research and applications

Make remote sensing data, denved,
—and services -more-easily ace
a broader user community

Giovanni Application

USDA-FAS-PECADN

Coaary

Ramfall mm)

a0 o %0 030 M w0

Linking the USDA Crop Explorer decision support system to the
GES DISC’s TRMM Online Visualization and Analysis System (TOVAS)

32

Gilbarta Vicknts 0Y0S - vicents Gdasc gsl nass.gov

GES DISC International Collaboration

* Interaction w:th the mternational user commum
satell:te data and products-to share, fqata

data center of

0o ,(

. Sharmge o? informat:on about data qﬂ‘a’lity
o -

A
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Suggestions{

+ Develop new'or, revise international co "‘ ration between
operational spac: ‘agencies and data centers

* Preparation and s bmission of joint pxoposals

« Exchange of sc:en sts among institutions.

* More time dedlcated to data and products delivery, manage ent/and
archiving during ¢onferences and workshops.

s Motivate multi-disciplinary dialogues and interaction.
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